Objectives: Higher levels of cognitive reserve (CR) are associated with better cognitive function in later life. In contrast, depressive symptoms, anxiety, and rumination are associated with diminished cognitive function. There has been limited research to date examining the influence of CR on the relationship between mood and cognitive function, and results are inconsistent. The aim of this study was to investigate the role CR plays in the relationships between mood, rumination, and cognitive function in later life. Method: Two hundred and thirty-six healthy people aged 60C completed measures of CR, depression, anxiety, rumination, recall, and verbal fluency. Participants were dichotomised at the median into those with lower and higher levels of CR. Results: CR, mood, and rumination together accounted for between 13% and 15.6% of the variance in scores on the cognitive tasks in the sample as a whole. Mood and rumination explained a significant amount of variance in cognitive test scores in those with lower levels of CR, but not in those with higher levels of CR.
Introduction
Improvements in health care, standards of living, and nutrition mean that people are living longer lives than ever before, and the world's ageing population is increasing at a rapid rate. It is expected that the percentage of the population over 65 in Europe will increase from 17.1% in 2008 to 30% in 2030 (Giannakouris, 2010) . With age there is often a decrease in cognitive ability even in those older people deemed healthy (Salthouse, 2009; Singh-Manoux et al., 2011) ; this decline can have wide-ranging implications for the quality of life of the individual concerned, his or her family, society, and the economy (Comas-Herrera, Wittenberg, Pickard, & Knapp, 2007; Gaugler, Duval, Anderson, & Kane, 2007) . This makes the study of modifiable factors related to cognition in later life an important area of research (Stern, 2009 , Tucker & Stern, 2011 .
Cognitive reserve (CR), thought to be a result of engagement in cognitively stimulating experiences throughout the lifespan, is related to variability in cognitive function in later life, and can help individuals cope more effectively with the brain changes frequently seen in normal ageing (Richards & Deary, 2005; Stern, 2009; Whalley, Dick, & McNeill, 2006) . As well as being associated with the pathological changes associated with neurodegeneration, Snowdon (2003) described CR as 'the capacity of the brain to resist the expression of symptoms in the face of existing neuropathology ' (p. 452) . It has been related to better cognitive function in healthy older people in both longitudinal and cross-sectional research (Jefferson et al., 2011; Nucci, Mapelli, & Mondini, 2011; Valenzuela & Sachdev, 2006) . Whereas greater CR is related to better cognitive function, depression, anxiety, and rumination are related to reduced cognitive ability in later life (Bierman, Comijs, Jonker, & Beekman, 2005; Davis & Nolen-Hoeksema, 2000; Reppermund et al., 2011) . To date, research addressing the question of whether higher CR may reduce the influence of depressive symptoms and related psychological factors on cognitive function in later life remains limited, and findings are inconsistent.
CR is most commonly indexed by educational level, occupational complexity, engagement in cognitively stimulating leisure activities, or a combination of all the three (Stern, 2009) . Higher educational level, more cognitively complex occupations, and participation in cognitively stimulating leisure activities have repeatedly been associated with better performance on measures of cognitive function (Angel, Fay, Bouazzaoui, Baudouin, & Isingrini, 2010; Fritsch et al., 2007; Jefferson et al., 2011; Kaplan et al., 2009; Potter, Helms, & Plassman, 2008; Wilson, Barnes, & Bennett, 2003) . A number of recent studies have created measures which combine these experiences to give an indication of an individual's level of CR and noted that higher scores on these measures are related to better cognitive function and less cognitive decline (Nucci et al., 2011; Valenzuela & Sachdev, 2007) . While CR has been shown to mediate the association between pathology and cognitive function, studies to date have only considered the role that a single proxy of CR, such as educational level, may play in the association between mood and cognitive function.
A negative association between depressive symptoms and cognitive function in healthy older people is well established (Reppermund et al., 2011; Rosenberg, Mielke, Xue, & Carlson, 2010) . Depression has also been associated with an increased risk of mild cognitive impairment (MCI) and dementia (Dotson, Beydoun, & Zonderman, 2010; Goveas, Espeland, Woods, Wassertheil-Smoller, & Kotchen, 2011; Yates, Clare, & Woods, 2013) . However, those studies that have examined the relationship between indicators of CR, mood, and cognitive function have focused solely on one single proxy of CR, either education or engagement in cognitively stimulating activities, and a single indicator of mood, depression, and have yielded mixed results. For example, one study reported a relationship between depression and the risk of Alzheimer's disease only in those with higher levels of education (Geerlings et al., 2000) , another found that depressive symptoms were an independently significant predictor of immediate recall, while education was the only independently significant predictor of delayed recall (Murphy & O'Leary, 2010) , and other studies reported no influence of education or engagement in cognitively stimulating activities on the relationship between depression and cognitive function in both clinical and healthy populations (Bhalla et al., 2005; Wilson, de Leon, Bennett, Bienias, & Evans, 2004) . No study to date has used a combined measure of CR, which might provide a more comprehensive index. Furthermore, the question of whether CR plays a role in the relationship between other factors related to mood and cognitive style, such as anxiety and rumination, and cognitive function has not been considered.
Older people with higher levels of anxiety tend to score lower on cognitive function assessments (Bierman et al., 2005; Gallacher et al., 2009) . Additionally, Porter et al. (2003) suggested that anxiety impacts on performance in cognitive assessments, resulting in an overestimation of the severity of any cognitive decline. Anxiety may occur without depression but it frequently occurs alongside depression in older people Kvaal, McDougall, Brayne, Matthews, & Dewey, 2008) .
Rumination or ruminative thinking is commonly associated with both depression and anxiety (Garnefski & Kraaij, 2006; Nolen-Hoeksema, 2000; Thomsen, 2006; Watkins, 2008) and has been specifically linked with latelife depression (Kraaij, Pruymboom, & Garnefski, 2002) . Rumination is a maladaptive cognitive style that has been defined as 'repetitive and passive thinking about one's symptoms of depression and the possible causes and consequences' (Nolen-Hoeksema, 2004, p. 107) . Rumination has been related to deficits in cognitive function in that ruminators tend to perform worse on tests of executive function than non-ruminators (Davis & Nolen-Hoeksema, 2000) , and when rumination occurs alongside depressive symptoms cognitive deficits increase (Lyubomirsky, Kasri, & Zehm, 2003) . Whether the levels of CR play any role in the relationships that have been previously observed between anxiety, rumination, and cognitive function remains to be established.
As depression, anxiety, rumination, and CR are all potentially modifiable factors, understanding more about their impact and the relationships between them may contribute to knowledge about maintenance of cognitive health in later life. The first aim of this study was to assess whether CR, depressive symptoms, anxiety, and rumination explained a significant amount of variance in cognitive function in a sample of community-dwelling older people. The second aim was to investigate whether the relationships between depressive symptoms, anxiety, rumination, and cognitive function differ between people with low and high levels of CR in later life. In this study, CR is indexed by a combination of educational level, occupational complexity, and engagement in cognitively stimulating leisure activities, using a validated measure of life experiences.
Method Design
This study was a cross-sectional questionnaire survey with a brief neuropsychological assessment. Data collection was carried out by psychology students undertaking research as a part of their master's degree programme trained by members of the Research in Ageing and Cognitive Health (REACH) group at Bangor University. The participants were given an option as to where would be the most convenient place for them to meet the researcher. The majority chose to meet the researcher in their own homes. There were no differences in the method of data collection carried out at the participant's home or the university. Informed consent was sought from each participant to indicate that she/he had read and understood the information sheet and had been provided with the opportunity to ask questions. Those who consented to take part in the study signed a consent form and each participant was given a copy of the signed consent form to keep. There was no incentive provided but the participants could opt to receive follow-up information regarding the results of the study. Ethical approval for the research was granted by the School of Psychology Ethics and Research Committee at Bangor University.
Participants
The study sample consisted of 236 participants aged over 60. An a-priori power analysis using the procedure outlined by Cohen (1992) was conducted to estimate the sample size required to detect a medium effect at a D .05. This indicated that a minimum sample size of 214 would provide sufficient power when the sample was divided into two groups consisting of those with lower and higher CR. The inclusion criteria for this study required that the participants should be over 60 years of age and in good health according to self-report, with no history of neurological disorder, depression, psychosis, or cognitive impairment. Participants were recruited using a purposive snowball sampling method from Agewell centres, active retirement groups, over 50s clubs and church groups, and through responses to flyers advertising the study, in the UK and Republic of Ireland.
Measures
Demographic and background details elicited were age, gender, and a self-rating of perceived health and memory ability in relation to others of the same age.
The Lifetime of Experiences Questionnaire (LEQ; Valenzuela & Sachdev, 2007) was used to give an indication of participants' level of CR. It was developed as a means of quantifying the life experiences thought to contribute to CR, specifically education, occupation, and engagement in leisure activities. In this study, occupation was rated using Office for National Statistics (2010) classifications. The LEQ covers three life stages (young adulthood, mid-life, and late life). The scores for the specific questions relating to each life stage are then weighted to allow for an equal contribution of experiences from across the lifespan. Higher scores indicate higher levels of CR. Reports on the reliability of the measure suggest that reliability is variable (Cronbach's alpha D .43À.84; Valenzuela & Sachdev, 2007) ; this is to be expected given that the measure assesses a number of life experiences that are not necessarily theoretically or conceptually related. The LEQ has high construct validity, concurrent validity, and clinical validity, as well as good testÀretest reliability (Valenzuela & Sachdev, 2007) .
Depression and anxiety were assessed using the Hospital Anxiety and Depression Scale (HADS; Snaith & Zigmond, 1994) . Possible scores on this scale range from 0 to 21 for each of the two sub-scales covering anxiety and depression, with higher scores indicating more severe symptoms. The scale is a widely used and a well-accepted measure, validated for use in the general population and with older people (Bjelland, Dahl, Haug, & Neckelmann, 2002; Dennis, Boddington, & Funnel, 2007; Spinhoven, Ormel, Sloekers, & Kempen, 1997) . The scale has good internal reliability for anxiety (Cronbach's alpha D .80À.84) and depression (Cronbach's alpha D .71À.86), and good to very good concurrent validity (Bjelland et al., 2002; Spinhoven et al., 1997) .
The Ruminative Response Scale À Short Form (RRS; Davis & Nolen-Hoeksema, 2000) consists of 10 selfreport items, with higher scores indicating greater rumination. The RRS short form has high internal reliability when used with older people, with a Cronbach's alpha of .85 (von Hippel, Vasey, Gonda, & Stern, 2008) , and Davis and Nolen-Hoeksema (2000) reported a strong correlation with the full 22-item version of the RRS (r D .93).
The Montreal Cognitive Assessment (MoCA; Nasreddine et al., 2005) is a cognitive screening test designed to detect MCI with 11 sub-scores for different domains of cognition. As this test is a brief screening measure, it was used to characterise the sample in this study. Cronbach's alpha for the MoCA is .84 for internal reliability, it has a testÀretest reliability of .92 and it has a strong concurrent validity with the Mini Mental State Examination, r D .87 (Nasreddine et al., 2005) .
To assess memory, the immediate and delayed recall components of the Rivermead Behavioural Memory Test Version 2 (RBMT-2; Wilson, Cockburn, & Baddeley, 2003) short story recall sub-test were used. Participants are read a short story and asked to recall it immediately and to recall it again after a 20-minute delay. Scoring is based on the number of ideas correctly recalled with a maximum raw score of 21. The raw scores rather than the profile score were used in this study as these provide a greater range of possible scores.
The Phonemic Fluency Test (Spreen & Strauss, 1991 ) was used to assess phonemic fluency, which is regarded as a measure of executive function. In this test, participants are asked to name as many words beginning with a specified letter, in this case each of F, A, and S, as they can in 60 seconds. A minimum score of 12À15 per letter is suggestive of normal functioning. Psychometric properties for the Phonemic Fluency Test are good, with a Cronbach's alpha of .83, and testÀretest reliability of .74 (Tombaugh, Kozak, & Rees, 1999) .
Data analysis
SPSS version 20 was used to analyse the data. For the sample as a whole, forced entry multiple regression analyses were carried out for each of the three cognitive tests of interest À immediate recall, delayed recall, and verbal fluency À with CR, depressive symptoms, anxiety symptoms, and rumination as the predictor variables, in order to assess whether these predictors explained a significant amount of variance in cognitive performance. The sample was then split at the median into lower and higher CR groups. The median score was expected to be similar to that found by Valenzuela et al. (2013) of 97.4 and 89.1 for male and female participants, respectively. Pearson's r correlations were calculated to investigate the associations between variables. Forced entry multiple regressions were conducted to assess whether the amount of variance in cognitive performance explained by depressive and anxiety symptoms and rumination differed in those with high and low CR.
Results
Participants were 236 healthy older people (146 females and 90 males), with a mean age of 70.86 years (SD D 7.66, range 60À92) and a mean of 12.91 (SD D 3.15, range 8À23) years of formal education. One participant who completed the measures was excluded due to a very low score of 16 achieved on the MoCA indicating possible impairment. In the case of one male and one female participant, scores for the depression and anxiety measures were not available as these participants declined to complete these measures, and these were considered as missing values in the relevant analyses. Table 1 gives a summary of characteristics for the sample as a whole and for the two sub-groups consisting of those with high and low CR. The significant differences in performance on the cognitive function tests between those who had high and low CR were expected due to the established association between CR and cognitive function in later life.
Multiple forced entry regression analyses indicated that CR, depressive symptoms, anxiety, and rumination, using adjusted R 2 , accounted for 13% of the variance in immediate recall (F D 9.67, p < .001), 14.8% of the variance in delayed recall (F D 11.11, p < .001), and 15.6% of the variance in verbal fluency (F D 11.75, p < .001) in the sample as a whole. CR was an independently significant predictor for immediate recall (b D .285), delayed recall (b D .311), and verbal fluency (b D .364), all p < .001. Depressive symptoms were an independently significant predictor for immediate (b D ¡.186) and delayed recall (b D ¡.215), both p < .01. Additionally, depressive symptoms showed a trend towards significance as an independent predictor for verbal fluency (b D ¡.135, p D .058).
The sample was divided into lower and higher CR by dichotomising the sample at the LEQ median of 87.90. Pearson's r correlations between variables in the low-and high-CR groups are summarised in Table 2 . There were significant negative correlations between depressive symptoms and immediate recall, delayed recall, and verbal fluency, and between anxiety and immediate recall and delayed recall, in the group with lower CR. There were no significant correlations between depressive symptoms or anxiety and cognitive function in the higher CR group. Rumination was not significantly correlated with scores on any of the cognitive tests in either CR group.
Depressive symptoms, anxiety, and rumination explained 8.8% of the variance in immediate recall, 8.2% of the variance in delayed recall, and 8.4% of the variance in verbal fluency in the lower CR group. Depressive symptoms were an independently significant predictor of variance for immediate recall, delayed recall, and verbal fluency in the lower CR group, all p < .01. Rumination was an independently significant predictor of verbal fluency in the group with lower CR (Table 3 ). The predictor variables did not explain a significant amount of variance for scores on any of the cognitive tests in the higher CR group (Table 3) .
As Table 1 shows, there was a significant difference between the high-and low-CR groups in level of depressive symptoms; therefore, matched samples were identified based on the level of depressive symptoms for the high-and low-CR groups (n D 85 for low CR and n D 85 for high CR). This was done to ensure that this difference in depressive symptoms was not confounding the results. In the matched samples analysis, there were significant negative associations between depressive symptoms and immediate (r D ¡.283) and delayed recall (r D ¡.311) in the low-CR group. However, the correlation between depressive symptoms and verbal fluency was no longer significant (r D ¡.174). There were still no significant correlations between depressive symptoms and cognitive test scores in the high-CR group in the matched samples analysis.
Multiple regression analyses conducted with the depression matched samples showed that depressive symptoms, anxiety, and rumination explained 5.2% of the variance in immediate recall, 6.6% of the variance in delayed recall, and 7.9% of the variance in verbal fluency in the lower CR group. Depressive symptoms were still an independently significant predictor for immediate recall (b D ¡.266), delayed recall (b D ¡.317), and verbal fluency (b D ¡.320) in the lower CR group (all p < .05). The predictor variables did not explain a significant amount of variance for scores on any of the cognitive tests in the higher CR group in the depression matched sample.
Discussion
The first aim of this study was to assess the level of variance in cognitive function explained by CR, depressive symptoms, anxiety, and rumination in communitydwelling older people. The results indicate that these variables predicted a significant proportion of variance in both memory and verbal fluency, with CR an independently significant predictor of all the tests of cognitive function, and depression an independently significant predictor of performance on the memory components. The second aim of this study was to assess whether the relationship of depressive symptoms, anxiety, and rumination with cognitive function differs in those with low-and high-CR. The results indicate that the relationship of mood and rumination with cognitive function does differ in those with low-and high-CR in this sample of community-dwelling older people, with associations found in the low but not the high-CR group. While there are no specific norms available for the LEQ, the median found in this study is similar to that reported by Valenzuela et al. (2013) , indicating that the division used in this study represents the lower and higher 50th percentile range of scores found in the previous research. When the participants were split into two groups, according to their level of CR, there was a relationship between depressive symptoms and cognitive function only in those with lower levels of CR. Anxiety was related to performance on immediate and delayed recall in the group with lower CR, and rumination was an independently significant predictor of verbal fluency in the lower CR group only. However, it should be noted that the association between rumination and verbal fluency in the multiple regression was positive, suggesting that those with higher levels of rumination performed better on this task. This result is the opposite of what would be expected given that previous research suggests that rumination is associated with reduced cognitive function (Davis & Nolen-Hoeksema, 2000; Lyubomirsky et al., 2003). This could indicate that despite the moderate positive association between depressive symptoms and rumination found in this study, these two factors influence performance on verbal fluency, a measure of executive function, in differing manners. The level of depressive symptoms was low in this study, as would be expected in a sample of communitydwelling healthy older people (Crawford, Henry, Crombie, & Taylor, 2001) . However, despite the low levels of depressive symptoms, depression scores still provided an independent contribution to the proportion of variance explained for the memory tasks in the sample as a whole and for all the cognitive tasks in the low-CR group. These results along with the previous research suggest that even low levels of depressive symptoms may affect cognitive function in later life (Murphy & O'Leary, 2010; Vinkers, Gussekloo, Stek, Westendrop, & van der Mast, 2004; Yen, Rebok, Gallo, Jones, & Tennstedt, 2011) . This indicates that it is important to consider the influence of depressive symptoms on cognition even in older people, who do not have clinical levels of depression.
Most previous research on this topic has found that single indicators of CR, specifically education and engagement in cognitively stimulating activities, do not influence the relationship between depressive symptoms and cognitive function (e.g. Bhalla et al., 2005 , Wilson et al., 2004 . The current results contradict these findings, and one possible explanation is that the differing results could be due to the more extensive assessment of participants' CR in this study. This study made use of a measure, which combines the three most common proxies of CR rather than using a single proxy, for example educational level or engagement in cognitively stimulating activities, as most previous studies have done, and this could allow for a more accurate indication of an individual's level of CR. Additionally, the associations between anxiety, rumination, and cognitive function in the lower CR group found in this study, and the previously established relationships between anxiety, rumination, and cognitive function (Bierman et al., 2005; Davis & Nolen-Hoeksema, 2000; Gallacher et al., 2009; Lyubomirsky et al., 2003) suggest that these relationships in association with CR warrant further investigation. Future studies which include a more comprehensive indicator of CR such as the LEQ, and a more in-depth assessment of cognitive function, could help elucidate the pathways involved in these relationships.
There are some limitations to this study which must be considered. In particular, the neuropsychological assessment was kept brief to limit the burden on the participants. It would be beneficial for a future study to include a more extensive neuropsychological assessment to gain a greater insight into these relationships. The RRS short form (Davis & Nolen-Hoeksema, 2000) used in this study to assess rumination is specifically related to depressive mood, in that the participants are asked to respond to the questions based on what they do when they are feeling down, sad, or depressed. Rumination is a maladaptive thought process that is related to depression but not limited to occurring alongside it. A future study could make use of a more general rumination scale in order to assess the relationship between rumination and cognitive function without limiting it to depressive rumination. The group that was lower in CR had significantly more depressive symptoms than those with higher levels of CR. However, additional analyses utilising matched samples showed that the associations remained significant when the two CR groups were matched on depressive symptoms, apart from the correlation between depressive symptoms and verbal fluency in those with lower CR. This loss of significance could be the result of a reduction in power caused by creating matched samples and hence reducing the sample size. Additionally, as expected, those with lower CR scored significantly lower on recall and verbal fluency than those with higher CR. This could suggest that depressive symptoms, anxiety, and rumination exert more of an influence on cognition in those with lower cognitive function, rather than merely in those with lower CR. It was not possible to create the low-and high-CR groups matched for cognitive function, while retaining an adequate sample size, so this remains unclear. Finally, this study can show only associations between depressive symptoms, CR and cognitive function, rather than indicating the direction of causation, although previous longitudinal studies have shown that depressive symptoms do lead to a decrease in cognitive function (Geerlings et al., 2000; van Hooren et al., 2005; . However, it is also possible that lower cognitive function may lead to increased depressive symptoms in some people (Paterniti, Verdier-Taillefer, Dufouil, & Alp erovitch, 2002; Stewart, 2004) . Nevertheless, even if this is the case, it remains apparent that it is important to build CR to maintain cognitive function in later life.
In summary, having higher CR appeared to mitigate the association between depressive symptoms, anxiety, and cognitive function in this sample. This, together with previous findings showing that CR can help delay cognitive decline, highlights the importance of CR in maintaining cognitive functioning in later life, not only in relation to resilience against neuropathology, but also in relation to the effects of psychological adversity.
